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Summary

A growing number of school districts are using early warning systems in their strategy for
improving rates of student on-time graduation. Such systems use academic and behavioral
indicators from student-level data to identify students who are at risk of not graduating
high school on time. Once students are identified, the school district can provide them
with supplemental supports (for example, supplemental instruction or counseling) to get
them back on track to graduate on time.

The Midwest Dropout Prevention Research Alliance is composed of representatives of
state education agencies, intermediate education agencies, and school districts in Regional
Educational Laboratory (REL) Midwest Region states who share a commitment to reduce
high school dropout rates. Alliance members wanted to know whether school districts
should develop their own early warning systems or adopt those that have been validated in
other settings (for example, the system developed by the Consortium for Chicago School
Research or the system developed by the National High School Center). The alliance
partnered with REL Midwest to address this question.

The study team followed a five-step process and used student data for two cohorts of grade
8 and 9 students in three Ohio school districts (referred to as Districts A, B, and C) to
identify indicators that predict failure to graduate on time. The three districts varied in
size, demographic composition, and locale. Two districts serve large cities with a popu-
lation greater than 250,000, while the third district serves a town near an urban area.
One of the urban districts has more than 40,000 students, while the other districts each
have 5,000-10,000 students. The percentage of students qualifying for the federal school
lunch program (a proxy for low income) also varied, ranging from about 40 percent to
more than 90 percent. The four-year graduation rate for the three districts ranged from
56 percent to 91 percent.

Studentlevel data on attendance, achievement, coursework, and discipline were used to
construct a set of indicators for grade 8 and 9 students that were candidates for inclusion in
each district’s early warning system. The number of indicators available from each district
varied. The following indicators were included in the analysis for at least one district: end-
of-year attendance rate, grade point average, number of credits earned, number of failing
grades, number of failing grades in core courses, number of suspensions, and reading and
math scores on the Ohio Achievement Assessment (grade 8 only).

Students were designated as either on track or off track based on whether their perfor-
mance on each candidate indicator fell above or below the optimal cutpoint for predict-
ing whether they would graduate on time. The study team analyzed how the optimal
cutpoints on the candidate indicators varied across districts and grades. After applying
the optimal cutpoints to the candidate indicators, the study team conducted a series of
statistical tests to eliminate candidates that were not consistently predictive of failure to
graduate on time when applied to 100 simulated cohorts of grade 8 and grade 9 students.
The study team then identified the indicators with the highest correct prediction rates,
the lowest false alarm rates, and best overall accuracy (best balance between correct pre-
dictions and false alarms) among indicators that passed the consistency tests. Finally, the
study team looked at the degree to which the accuracy of the indicators varied across
districts and grades.



The analyses were restricted to grade 8 and grade 9 data for students who were first-time
freshmen in the districts in 2006/07 or 2007/08 and excluded students who entered the
districts after grade 9. Students in the 2006/07 cohort graduated in 2010, and students in
the 2007/08 cohort graduated in 2011.

Certain indicators were more accurate predictors of failure to graduate on time in some
districts than other indicators were, and the optimal cutpoints for classifying students as
on track or off track for graduation differed across districts. Of student data for grades 8
and 9 the end-of-year attendance rate was the only consistent predictor of failure to gradu-
ate on time in all three districts. Reading scores from the Ohio Achievement Assessment
were consistent predictors for grade 8 students in all three districts. The most accurate
indicators in both grade 8 and grade 9 were based on coursework (grade point average and
number of credits earned). Consistent with prior research, failing more than one class and
being suspended one or more times were also strong predictors of failure to graduate on
time. On average, indicators were more accurate in grade 9 than in grade 8.

Given the variability across school districts and grade levels in optimal cutpoints, in con-
sistency of predicting failure to graduate on time, and in relative accuracy of indicators
to predict failure to graduate on time, the findings suggest that it is important for school
districts to examine and analyze their own student-level data in order to develop their own
early warning system. The methods used in this study can help districts identify the best
off-track indicators and indicator cutpoints for their early warning system.
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Why this study?

Information from early warning systems can help educators target resources and interven-
tions to students at the greatest risk of not graduating or not graduating on time. But how
can districts determine which types of student data to use for their early warning indica-
tors? This study identified valid grade 8 and 9 early warning indicators developed from
datasets collected from three school districts that vary in size, urbanicity, and the charac-
teristics of their student populations. The findings include information on the accuracy of
each district’s indicators for predicting whether students will fail to graduate within four
years. Evidence from this study may help these districts identify an accurate set of early
warning indicators, and the indicator identification process described here can inform the
efforts of state, district, and school leaders who wish to develop their own early warning
systems as a means of keeping students on track to graduate.

Early warning systems help identify students who are at risk of not graduating on time and need extra
support

Early warning systems use data systematically to identify students who are at risk of not grad-
uating on time. Students identified early can be matched with interventions to help them
return to the on-time graduation track (Heppen & Therriault, 2008; Jerald, 2006; Kennelly
& Monrad, 2007; Neild, Balfanz, & Herzog, 2007; Pinkus, 2008). The push for early warning
systems is motivated by research on academic and behavioral predictors of students dropping
out of school (Allensworth & Easton, 2005, 2007; Balfanz, Herzog, & Mac Iver, 2007; Neild
& Balfanz, 2006; Silver, Saunders, & Zarate, 2008). Although the evidence base for early
warning systems is still developing, experts on dropout prevention consider these systems a
promising approach—or a necessary prerequisite—to effective dropout prevention (Dynarski
et al., 2008). See appendix A for a review of relevant literature on early warning systems.

Researchers have identified a set of core early warning indicators

Analysis of data from large urban districts has enabled researchers to identify indicators
that predict whether middle school and grade 9 students will graduate from high school on
time. For middle school students, attendance, course grades, and behavior such as out-of-
school suspensions have been frequently identified as early indicators of high school gradu-
ation outcomes (Balfanz & Herzog, 2005; Neild & Balfanz, 2006; Balfanz, 2009). For high
school students, attendance, course performance, credit attainment, and, in some cases,
state assessment scores, grade retention, and behavior have been frequently identified as
early indicators (Allensworth & Easton, 2005, 2007; Neild & Balfanz, 2006; Roderick,
1993; Silver et al., 2008).

District personnel must be able to calculate indicators easily and communicate them to
educators and parents. The task of communicating whether students are on track or off
track to graduate on time is made easier by converting continuous indicators—that is data
elements that can have a range of possible numeric values, from low to high, such as a
grade point average or test score—into binary indicators that classify students as either
on track or off track based on whether their score falls above or below a particular cut-
point. The location of the cutpoint on the continuous scale of the indicator is set at the
value that most accurately distinguishes between students who are at risk of not graduating
on time and those who are not at risk (see definitions of terms in box 1). For example,
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Box 1. Definitions of key terms

Candidate indicator. A data element representing grade 8 or 9 student academic performance
or behavior that may predict not graduating on time. Candidate indicators in the study included
count data (number of credits earned, number of failed courses, number of suspensions),
scaled data (test scores, grade point averages), and proportions (attendance rates). Each can-
didate indicator was converted from its original scale to a binary (yes/no; high/low) scale by
identifying the optimal cutpoint.

Correct off-track prediction rate. The proportion of nongraduates whom the grade 8 or 9 binary
indicator correctly identified (flagged) as being at risk of not graduating on time. For example,
if the binary indicator for attendance flagged all students with an attendance rate less than
90 percent and 75 percent of nongraduates had an attendance rate below this optimal cut-
point, the correct off-track prediction rate for attendance would be 75 percent.

Failure to graduate on time. The outcome measure used in this study. Students in each grade
8 and 9 cohort are classified as not graduating on time if they did not receive a high school
diploma within four years of beginning high school. Students who do not graduate within four
years are classified as nongraduates even though they may later graduate.

False alarm rate. The percentage of students who graduate on time whom the grade 8 or 9
binary indicator incorrectly flagged. For example, if 35 percent of students who graduate on
time had an attendance rate below the indicator cutpoint of 90 percent, the false alarm rate
would be 35 percent.

Optimal cutpoint. A specific value on the original scale of a grade 8 or 9 indicator that sepa-
rates students who are at risk of not graduating on time from those who are not at risk. For
example, if 90 percent is the optimal cutpoint for the grade 9 attendance indicator, students
with an attendance rate at or below 90 percent could be classified as at risk of failure to gradu-
ate on time. For each indicator, the optimal cutpoint is the value that produces the highest rate
of correct off-track prediction and lowest rate of mistaken predictions (that is, false alarms).

Overall accuracy. A statistic that measures the balance between an indicator’s correct off-
track prediction rate and false alarm rate on a scale from .50 to 1.00, with a higher value
indicating greater accuracy (more correct off-track predictions and fewer false alarms). A score
of .50 means that the indicator is no better at predicting which students will not graduate than
random guessing. A score of 1.00 means that the indicator perfectly predicts failure to gradu-
ate on time (100 percent correct off-track prediction rate and O percent false alarm rate). The
formal name for this statistic is the area under the curve; it is based on a statistical technique
called receiver operating characteristic curve analysis (see appendix B for details).

converting grade 9 students’ grade point average into a binary indicator (on track or off
track) involves locating the particular grade point average that best separates students who
graduate on time from students who do not. If that cutpoint is 2.0, then students with a
grade point average lower than 2.0 are classified as off track for on-time graduation.

While the research literature shows a high degree of consensus on the factors that place
students at risk of failure to graduate on time, there is no guarantee that a given indicator
will predict failure to graduate on time with the same accuracy if it is applied to students
in different school contexts. Most previous studies have focused primarily on large urban
centers, and even there, indicators’ value as predictors and cutpoints for the indicators



differ across districts. For example, a 2011 Regional Educational Laboratory (REL) South-
west study of five Texas school districts (Hartman, Wilkins, Gregory, Gould, & D’Souza,
2011) and a 2012 REL Midwest study of two urban midwestern districts (Norbury et al.,
2012) found that although the on-track indicators were highly accurate predictors of gradu-
ation in Chicago Public Schools (Allensworth & Easton, 2005), their accuracy varied con-
siderably when applied to other districts. A review and re-analysis of indicators identified
in 36 published articles also reports considerable variation in the accuracy of individual

indicators (Bowers, Sprott, & Taff, 2013).

Because the literature suggests that the accuracy of indicators for predicting graduation
outcomes may vary by context, researchers advise school districts to independently verify
the accuracy of indicators using their own data before applying them in an early warning
system (Gleason & Dynarski, 2002). Improving and tailoring a set of indicators may better
identify students at risk of failure to graduate on time (Heppen & Therriault, 2008; Jerald,
2006). This study assisted three Ohio school districts with developing locally validated
early warning systems. For districts that choose to validate their own indicators, the report
lays out a step-by-step process that school district personnel can follow.

What the study examined

The three Ohio districts in this study are implementing eatly warning systems to identify,
provide services to, and track the progress of students in grades 8 and 9 who are at risk
of failing to graduate from high school on time. As the literature suggests, indicators that
are accurate predictors of graduation outcomes for students in a particular grade within a
particular district may not be as accurate for students in other grades or in other districts
(Hartman, et al., 2011; Norbury, et al., 2012). Furthermore, the cutpoints that most accurate-
ly classify students as on or off track may also differ across districts or for students in different
grades within the same district. The purpose of this study was to develop a set of locally
tailored early warning indicators for students at different grade levels in each school district
and examine the accuracy of the indicators for predicting failure to graduate on time.

Research questions

This study addressed the following research questions:

e For each candidate indicator, what is the optimal cutpoint for accurately classi-
fying students as on track or off track to graduate? How do these cutpoints vary
across districts and grades?

e Which indicators consistently predict failure to graduate on time when their
optimal cutpoints are used?

e Which of the consistently predictive indicators have the highest correct off-track
prediction rates, lowest false alarm rates, and best overall accuracy? How does the
accuracy of indicators vary across districts and grades?

Indicators were selected as candidates for validation based on a review of the literature
(see appendix A). The indicators are based on three types of information: student atten-
dance, academic achievement, and discipline. For grade 8 students, included data were
related to attendance rate, grade point average, number of failing grades (overall and
in core courses), reading and math scores on the Ohio Achievement Assessment, and
number of suspensions. For grade 9 students, included data were related to attendance
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rate, grade point average, number of credits earned, number of failing grades (overall and
in core courses), and number of suspensions. The number of indicators included in the
analysis differed across the three districts because of differences in the availability and
consistency of raw data on the grade 8 or grade 9 cohorts. Definitions of candidate indi-
cators are given in box 2.

Four criteria for identifying valid indicators of failure to graduate on time

The study team reviewed the research literature and generated a list of grade 8 and 9 data
elements that were commonly found to be significant predictors of failing to graduate from
high school (see literature review in appendix A). The list included student attendance,
achievement, coursework, and discipline data elements. Districts were asked to review the
list and provide the data elements, if available, for students in the cohorts that were expected
to graduate in 2010 and 2011. This resulted in a set of grade 8 and 9 candidate early warning
indicators for each of the three districts. A set of four criteria were developed for judging
whether particular data elements or sets of elements were valid early warning indicators:
e The indicator must provide early warning of students’ risk of failure to graduate
on time. Specifically, candidate indicators for this study had to reflect student

Box 2. Definitions of candidate early warning indicators

End-of-year attendance rate. The proportion of total number of days that a student attended
school, had an excused absence, or had in-school suspension to the total number of days
that the student was expected to attend school (as specified in Ohio Administrative Code
3301-18-01 of 2008).

Grade point average. Students’ average academic achievement in both core and elective
courses. Most grade point averages are on a four-point scale. District C's end-of-year grade
point average was provided on a five-point scale but was rescaled to a four-point scale for
grade 9 students to allow for comparisons with the other districts.

Number of credits earned. The cumulative number of credits a student has earned in both core
and elective courses.

Number of failing grades. The cumulative number of failing grades appearing on all quarterly
marking periods or semesters over the school year. For Districts A and C the total number of
failing grades equals the cumulative number of failing grades appearing on report cards from
all four quarterly marking periods. For District B it is the number of failing grades received on
two semester report cards (fall and spring).

Number of failing grades in core courses. The cumulative number of failing grades appear-
ing on all quarterly marking periods or semesters over the school year in core courses. For
Districts A and C the total number of failing grades equals the cumulative number of failing
grades appearing on report cards from all four quarterly marking periods. For District B it is the
number of failing grades received on two semester report cards (fall and spring).

Number of suspensions. The number of times a student received a suspension as a disciplinary
measure over the school year. This includes both in-school and out-of-school suspensions.

Reading and math scores on the Ohio Achievement Assessment. Student reading and math
scores on the Ohio Achievement Assessment in grade 8. Both scores range from 250 to 500,
with 400 being the minimum score required for a rating of proficient.
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performance or behavior in grades 8 and 9, thus giving educators an opportunity
to provide three to four years of support.

e The indicator must be easily communicated to educators within a district. To meet
this criterion, the study team identified the value for each candidate indicator that
separated students who would most likely graduate on time from those who would
not. This value is referred to as the optimal cutpoint.

® The indicator must show a statistically significant relationship with students’ four-
year graduation outcomes in the two-cohort dataset used in this analysis.

® The indicator must show evidence that it will be a consistent predictor of failure
to graduate on time when applied to future cohorts of students from the same
district. This requires an indicator to significantly predict failure to graduate in at
least 50 of 100 randomly simulated cohorts.

After identifying indicators that meet these criteria, the study team compared their accu-
racy by examining the percentage of students who failed to graduate on time in 2010 and
2011 who had been correctly identified as off track by the grade 8 or grade 9 indicator (the
correct off-track prediction rate) and the percentage of 2010 and 2011 graduates who had
been incorrectly flagged as off track (the false alarm rate). The accuracy of each indicator
(or combination of indicators) was assessed on the basis of how well it maximized correct
off-track predictions and minimized false alarms. The steps in identifying indicators are
illustrated in figure 1, and data sources and research methods are given in box 3.

Figure 1. A systematic process for identifying valid early warning indicators of
failure to graduate on time

Step 1. Review the research. Review the research on early warning systems to identify Research-based
candidate indicators that have been shown to predict failure to graduate on time. approach
A\ 4 +
Step 2. Collect data on candidate indicators. Compile a longitudinal dataset with Available
candidate indicators available in the district and graduation outcomes for two or student data
more cohorts of grade 8 or 9 students.
+
v
Step 3. Determine optimal cutpoints. For each candidate indicator, determine Optimal
the threshold value that most accurately classifies students as on track or off cult’ oints
track to graduate from high school on time (research question 1). P
+
A\ 4
Step 4. Screen out weak and unreliable indicators. Eliminate indicators that do Consistent
not consistently predict failure to graduate on time above and beyond the other redictors
candidate indicators and student background characteristics (research question 2). P
A 4 =
Step 5. Compare the accuracy of the consistent indicators. Calculate accuracy Valid set of
statistics for the indicators that pass step 4, individually and in combinations of early warning
two and three. Identify the indicators with the highest correct off-track prediction imlili cators
rates, lowest false alarm rates, and best overall accuracy (research question 3).

Note: Failure to graduate on time was defined as failure to earn a high school diploma within four years. Steps
3-5 correspond to the three research questions.

Source: Authors’ compilation.
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Box 3. Data sources and research methods

The types of student data used to predict failure to graduate in previous studies (see a review
of the research literature on early warning systems in appendix A) were requested from the
three participating districts. The data elements collected generally included grade 8 and 9
student attendance, achievement, coursework, and discipline records.

Each district provided grade 8 and 9 student data as well as the graduation outcomes for
two cohorts of students. The first cohort enrolled in high school in fall 2006 and were expect-
ed to graduate in spring 2010. The second cohort enrolled in fall 2007 and were expected to
graduate in spring 2011.

To answer the first research question on optimal cutpoints for the indicators, the study
team used receiver operating characteristic curve analysis to determine for each candidate
indicator the cutpoint that maximizes the correct off-track prediction rate and minimizes the
false alarm rate. The optimal cutpoint is determined by calculating the area-under-the-curve
statistic, which is referred to as overall accuracy. An area-under-the-curve statistic of less than
.50 indicates that the variable is no better at predicting which students will not graduate than
a random guess; a higher statistic indicates greater accuracy.

To answer the second research question on which data elements were the most con-
sistent indicators of failure to graduate on time, the study team used a statistical technique
called stepwise logistic regression to identify the subset of indicators for each district and
grade that were statistically significant predictors of student failure to graduate on time above
and beyond the other candidate indicators. A validation test was applied to verify that the
indicators identified were consistent predictors of failure to graduate on time when applied
to variations of the sample of students included in the logistic regression analysis. This tech-
nique involved drawing 100 subsamples of students from the datasets for each district and
grade and repeating the stepwise logistic regressions on each subsample to see whether the
indicators were repeatedly identified as more statistically significant than the other candidate
indicators (see Chen & George, 1985; Mick & Ratain, 1994).

For the third research question the study team calculated which consistently predictive
early warning indicators had the highest off-track prediction rates, the lowest false alarm
rates, and the best overall accuracy (best balance between correct off-track predictions and
false alarms).

What the study found

Certain indicators were more accurate predictors of failure to graduate on time in some
districts than others, and the optimal cutpoints for classifying students as on track or off
track for graduation differed across districts. End-of-year attendance rate was the only indi-
cator that consistently predicted graduation outcomes for both grades 8 and 9 in all three
districts. Reading scores on the Ohio Achievement Assessment were consistent indicators
for grade 8 students in all three districts. The most accurate indicators in both grade 8 and
grade 9 were based on coursework (grade point average and number of credits earned).
Consistent with prior literature, failing more than one class and being suspended one or
more times were also strong predictors of failure to graduate on time. On average, indica-
tors were more accurate in grade 9 than in grade 8.

The findings are presented in detail in the following sections.
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Optimal cutpoints for five of the eight indicators varied by district and grade level

The first research question asks about the cutpoints that most accurately separate students
who graduate on time from those who do not for each candidate indicator and how these
cutpoints vary across districts and grades. The analysis assumed that districts are equally
concerned about maximizing the number of students correctly identified as off track and
about minimizing the number of students incorrectly identified as off track. The optimal
cutpoints for five of the eight candidate indicators varied by district and grade level within
districts (table 1). Two grade 9 indicators had the same optimal cutpoint in all three dis-
tricts: number of suspensions (one or more) and number of failing grades (one or more).
The optimal cutpoints for number of credits earned over the school year was also the same
(fewer than seven) for the two districts providing data on this indicator.

Cutpoints for attendance were the same for grade 8 and 9 students in Districts B and C
but significantly lower for District A. For grade 8 and 9 students in Districts B and C,
attendance rates below 95 percent, which equates to missing 9 of the state-required 182
school days, most accurately predicted failure to graduate on time. In District A, grade 8
attendance rates below 93 percent (13 of 182 days missed) and grade 9 attendance rates
below 90 percent (18 of 182 days missed) most accurately predicted failure to graduate on
time (confidence intervals for the cutpoints are provided in table B2 in appendix B).

Grade point average cutpoints varied across districts, but with one exception fell between
1.9 and 2.3 (roughly C to C+ averages). District C’s grade 8 grade point average cutpoint
was significantly higher (3.1); however, in step 4 of the analysis (see figure 1) this indicator
was found to be unreliable and eliminated as a candidate for District C’s grade 8 early
warning system.

The optimal cutpoints for grade 8 reading and math scores on the Ohio Achievement
Assessment also varied across districts. In District A the cutpoints in both subjects fell
just below the state’s proficiency cut score of 400 (cutscore for reading was 399; cutscore

Table 1. On five of the eight data elements examined, the optimal cutpoint for
designating students as off track to graduate differed for at least one district,
2006/07 and 2007/08 data for 2010 and 2011 graduation outcomes

District A District B District C
Indicator Grade 8 Grade 9 Grade 8 Grade 9 Grade 8 Grade 9
End-of-year attendance rate (percent) <93 <90 <95 <95 <95 <95
Grade point average — <1.9 <23 <21 <31 <2.2
Number of failing grades overall >1 >1 >2 >1 >1 >1
Number of failing grades in core courses >1 >1 >1 >1 — —
Number of suspensions >1 >1 >1 >1 — >1
Math score on the Ohio Achievement Assessment <392 na <406 na <413 na
Reading score on the Ohio Achievement Assessment < 399 na <413 na <420 na
Number of credits earned na <7 na <7 na —
na is not applicable for students at the indicated grade level; — is district did not provide student data or

student characteristic or data were incomplete or unusable in the analysis.

Source: Authors’ analysis of data on student attendance, achievement, coursework, and discipline provided by
the three school districts in the study.
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for math was 392), while cutpoints for District B were just above the proficiency cut score.
District C’s cut scores were in the middle of the proficiency range and close to the state
average grade 8 scores (421 for reading and 413 for math).

Consistent predictors of failure to graduate from high school on time were identified for each district

Findings for the second research question show that each district has at least two grade 8
and 9 indicators that consistently predict failure to graduate from high school on time.

Tables 2—4 report the consistent indicators for districts A, B, and C for grades 8 and 9 and
the three accuracy metrics (correct off-track prediction rate, false alarm rate, overall accu-
racy) for all indicators identified as consistent. The tables also present accuracy metrics for
generic “combination” indicators that classify students as off track if they fall below (or
above) the optimal cutpoints on one or more, two or more, or three or more of the consis-
tent indicators identified for a particular grade and district.

District A had the most indicators qualifying as consistent (see table 2). This result was
anticipated because District A’s cohorts were larger and had higher rates of failure to grad-
uate on time, which makes it easier to detect significant relationships between the indica-
tors and the failure to graduate on time outcome. All six candidate indicators in District
A’s grade 8 dataset proved to be consistent predictors of students’ graduation outcome four
years later. In grade 9, five of the six candidate indicators were consistent predictors for
students’ graduation outcomes. The only indicator from District A’s grade 9 dataset that
was eliminated was one or more failing grades in all courses. This indicator was not a sig-
nificant predictor of failure to graduate on time after the other indicators were controlled
for. It was also redundant with the indicator for failing one or more core courses but less
reliable. Detailed results of the indicator consistency tests are in appendix B.

Four of the seven candidate indicators from District B’s grade 8 dataset were consistent
predictors of student failure to graduate on time: grade point average below 2.3, two or
more failing grades, reading score on the Ohio Achievement Assessment below 413, and
attendance rate below 95 percent (see table 3). Likewise, four of the six candidate indi-
cators for grade 9 students in District B qualified as consistent: fewer than seven credits
earned, one or more suspensions, grade point average below 2.1, and attendance rate below
95 percent.

In District C three of the five grade 8 indicators and two of the four grade 9 indicators
passed the tests for consistency (see table 4). In grade 8 one or more failing grades across all
course subjects, attendance rate below 95 percent, and reading score on the Ohio Achieve-
ment Assessment below 420 were consistent predictors of failure to graduate on time. In
grade 9 a grade point average below 2.2 and attendance rate below 95 percent were consis-
tent predictors.

The most accurate indicators of failure to graduate on time differed by school district

The third research question asked which consistently predictive early warning indicators
had the highest off-track prediction rates, the lowest false alarm rates, and the best overall
accuracy (best balance between correct off-track predictions and false alarms). These three
metrics were calculated for Districts A, B, and C.
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Table 2. District A accuracy of grade 8 and 9 consistent indicators and
combination indicators in predicting failure to graduate on time, 2006/07 and
2007/08 data for 2010 and 2011 graduation outcomes

Correct
off-track False alarm Overall
prediction rate® rate® accuracy®

Indicator (percent) (percent) (proportion)
Grade 8
Consistent indicators
Attendance rate below 93 percent 63 31 .67
One or more failing grades in all courses? 52 21 .65
Reading score on the Ohio Achievement Assessment below 399 63 34 .64
Math score on the Ohio Achievement Assessment below 392 60 35 .62
One or more failing grades in core courses® 36 12 .62
One or more suspensions 22 9 .57

Combinations

Off track on one or more consistent indicators 86 63 .62
Off track on two or more consistent indicators 70 37 .66
Off track on three or more consistent indicators 51 18 .66
Grade 9

Consistent indicators

Grade point average below 1.9 67 20 .73
One or more failing grades in core courses? 56 16 .70
Attendance rate below 90 percent 65 28 .69
Fewer than seven credits earned 65 30 .68
One or more suspensions 36 15 .60

Combinations

Off track on one or more consistent indicators 85 58 .64
Off track on two or more consistent indicators 79 46 .66
Off track on three or more consistent indicators 67 26 71

a. Percentage of nongraduates accurately classified as off track.
b. Percentage of graduates incorrectly classified as off track.

c. The area-under-the-curve statistic, which ranges from .50 to 1.00, with higher values associated with higher
accuracy (higher correct off-track prediction rate and lower false alarm rate).

d. Total number of failing grades on four marking-period report cards.

Source: Authors’ analysis of data on student attendance, achievement, coursework, and discipline provided by
the three school districts in the study.

In District A’s grade 8 dataset the single indicator that most accurately predicted failure to
graduate on time was attendance rate below 93 percent (see table 2). This indicator also had
the highest correct off-track prediction rate of all individual indicators, with 63 percent of all
nongraduates correctly classified as off track. However, using a combination indicator that flags
all students who meet the off-track criteria on any one of the five consistent grade 8 indicators
significantly increases the correct off-track prediction rate to 86 percent. The grade 8 indica-
tor with the lowest false alarm rate in District A was one or more suspensions (9 percent).

For grade 9 students, grade point average below 1.9 had the highest overall accuracy for
predicting failure to graduate on time. This indicator had a correct off-track prediction
rate of 67 percent while keeping false alarms to 20 percent. Consistent with the findings
for District A’s grade 8 indicators, the correct off-track prediction rates for grade 9 can be
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Table 3. District B accuracy of grade 8 and 9 consistent indicators and
combination indicators in predicting failure to graduate on time, 2006/07 and
2007/08 data for 2010 and 2011 graduation outcomes

Correct
off-track False alarm Overall
prediction rate® rate® accuracy®

Indicator (percent) (percent) (proportion)
Grade 8
Consistent indicators
Grade point average below 2.3 62 23 .70
Two or more failing grades in all courses® 59 23 .68
Reading score on the Ohio Achievement Assessment below 413 60 28 .66
Attendance rate below 95 percent 57 29 .64
Combinations In District B the
Off track on one or more consistent indicators 87 62 .63 combination
Off track on two or more consistent indicators 77 43 .67 indicator that flags
Off track on three or more consistent indicators 69 29 .70 all students who
Grade 9 are off track on

one or more of the
grade 8 indicators

Consistent indicators

Fewer than seven credits earned 74 27 .74 N
increases the
One or more suspensions 45 10 .68
correct off-track
Attendance rate below 95 percent 67 33 .67 prediction rate to
Grade point average below 2.1 62 23 .70 87 percent, but
Combinations it also raises the
Off track on one or more consistent indicators 89 49 .70 false alarm rate
Off track on two or more consistent indicators 7 33 72 to 62 percent,
Off track on three or more consistent indicators 69 25 72 giving it a lower
» overall accuracy
a. Percentage of nongraduates accurately classified as off track. )
than grade point

b. Percentage of graduates incorrectly classified as off track. average below 2.3

c. The area-under-the-curve statistic, which ranges from .50 to 1.00, with higher values associated with higher
accuracy (higher correct off-track prediction rate and lower false alarm rate).

d. Total number of failing grades on two semester report cards.

Source: Authors’ analysis of data on student attendance, achievement, coursework, and discipline provided by
the three school districts in the study.

increased by switching to the combination indicator that captures all students who are off
track on one or more consistent predictors. This increases the correct off-track prediction
rates to 85 percent but comes at the cost of large increases in the number of students
incorrectly flagged as off track; the false alarm rates rise to 58 percent in grade 9. The
grade 9 indicator with the lowest false alarm rate is one or more suspensions (15 percent).
Despite the low false alarm rate, the suspension indicator has the lowest overall accuracy
of all consistent predictors because it flagged only 36 percent of all future nongraduates.

In District B the grade 8 indicator with the best overall accuracy was grade point average
below 2.3. This indicator had the highest correct off-track prediction rate (62 percent)
and the lowest false alarm rate (23 percent) of the four consistent grade 8 indicators for
District B. The combination indicator that flags all students who are off track on one or
more of the grade 8 indicators increases the correct off-track prediction rate to 87 percent.
However, it also raises the false alarm rate to 62 percent, giving it a lower overall accuracy
than grade point average below 2.3.
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Table 4. District C accuracy of grade 8 and 9 consistent indicators and
combination indicators in predicting failure to graduate on time, 2006/07 and
2007/08 data for 2010 and 2011 graduation outcomes

Correct
off-track False alarm Overall
prediction rate® rate® accuracy®

Candidate indicator (percent) (percent) (proportion)
Grade 8
Consistent indicators
Reading score on the Ohio Achievement Assessment below 420 69 26 72
One or more failing grades in all courses? 46 6 .70
Attendance rate below 95 percent 69 30 .69
Combinations
Off track on one or more consistent indicators 90 57 .66
Off track on two or more consistent indicators 71 33 .69
Off track on all three consistent indicators 54 20 .67
Grade 9
Consistent indicators
Grade point average below 2.2 66 15 .75
Attendance rate below 95 percent 70 27 71
Combinations
Off track on one or more consistent indicators 91 43 74
Off track on both consistent indicators 77 21 .78

a. Percentage of nongraduates accurately classified as off track.
b. Percentage of graduates incorrectly classified as off track.

c. The area-under-the-curve statistic, which ranges from .50 to 1.00, with higher values associated with higher
accuracy (higher correct off-track prediction rate and lower false alarm rate).

d. Total number of failing grades on four marking-period report cards.

Source: Authors’ analysis of data on student attendance, achievement, coursework, and discipline provided by
the three school districts in the study.

In District B the grade 9 indicator with the best overall accuracy was earning fewer
than seven credits (which was also the second most accurate indicator identified across
all districts and grades). This grade 9 indicator had a correct off-track prediction rate of
74 percent (the highest of the four grade 9 indicators) and a false alarm rate of 27 percent.
The indicator one or more suspensions had the lowest false alarm rate (10 percent), but as
with District A, it greatly underpredicted the number of students truly at risk of failure to
graduate on time (the correct off-track prediction rate was 45 percent).

In District C the most accurate grade 8 indicator was reading score on the Ohio Achieve-
ment Assessment below 420 (see table 4). At .72, this indicator had the highest overall
accuracy of all the grade 8 indicators analyzed across the three districts. It also had the
highest correct off-track prediction rate (69 percent). The indicator one or more failing
grades in all courses had the lowest false alarm rate in the study; it incorrectly flagged
6 percent of graduates as off track while correctly flagging 46 percent of nongraduates.

Of District C’s two consistent predictors for grade 9, grade point average below 2.2 had
a higher overall accuracy rate than attendance rate below 95 percent. The attendance
indicator had a high correct off-track prediction rate (70 percent), while the grade point
average indicator had a low false alarm rate (15 percent). When these two indicators are
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used together as a combination indicator (grade point average below 2.2 and attendance
rate below 95 percent), the correct off-track prediction rate increases to 77 percent and the
false alarm rate remains relatively low at 21 percent, which results in an overall accuracy of
.78, higher than any other grade 8 or 9 indicator tested across the three districts.

Implications of the study findings

The findings are intended to help the three districts studied make well-informed choices
about which indicators to use in their early warning systems and to provide them with
clear expectations about the accuracy of their early warning indicators when applied to
current and future cohorts of students. The process of identifying grade 8 and 9 indicators
that consistently predict failure to graduate on time can serve as a model for other districts
to use when designing their own early warning systems.

The indicator cutpoints that most accurately identified students as off track to graduate
differed for students in Districts A, B, and C. When the optimal cutpoints were used, some
indicators were found to be consistent and accurate predictors of failure to graduate on
time in one district but not in the others. These findings underscore why it is valuable for
districts to analyze their own data and identify the best indicators for their early warning
system or at least to verify that the indicators used are valid for their student population.
Applying indicators from a different school district may lead to the wrong students being
identified as off track. For example, if District A’s 90 percent optimal cutpoint for atten-
dance in grade 9 were applied to grade 9 students in District B instead of District B’s
optimal cutpoint of 95 percent, it would reduce the number of students who are correctly
flagged as off track to graduate from 67 percent to 25 percent.

The number of indicators passing the tests for consistency varied across districts and
grades, ranging from two (District C grade 9) to six (District A grade 8). On average, indi-
cators were more accurate in grade 9 than in grade 8. Attendance rate was the only indi-
cator available in all six district- and grade-specific datasets, although optimal cutpoints
differed across districts and grades. While grade point average consistently predicts failure
to graduate on time in four of five disrict-grade combinations that provided these data, the
cutpoint below which students are at a higher risk of not graduating on time varies across
districts and grades. One or more failing grades in any course was also a consistent predic-
tor of failure to graduate on time in all but one of the district-grade datasets. This is con-
sistent with findings from prior studies (Allensworth & Easton, 2007; Balfanz et al., 2007).

In the three district- and grade-specific datasets for which one or more suspensions was
a consistent predictor, the indicator had the lowest false alarm rate (9-15 percent). This
may make the indicator attractive for districts with limited resources that want to target
a subgroup of students who are at high risk of failure to graduate on time. However, the
drawback of suspension indicators is that they greatly underpredict the number of students
who are off track because they miss those who are staying out of trouble but still failing
academically. Across all three districts, fewer than 50 percent of nongraduates were cor-
rectly designated as off track by these indicators.

Using a combination indicator that flags students who are off track on any one or more
indicators captures the most students who are truly off track to graduate, but it comes at
the cost of incorrectly flagging a high percentage of students who are not at risk of failure
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to graduate on time. This catch-all approach may make sense for districts that desire to
intervene with as many students as possible who are truly at risk of failure to graduate on
time, even if it means a higher percentage of the students who receive dropout prevention
services may not need them. However, districts that want to maximize the accuracy of
their early warning systems and target their resources to students who are truly at risk
might consider using a combination indicator that requires students to meet the off-track
criteria on two or more or three or more indicators, instead of just one. Findings from this
study show that across all districts and grades, the two- and three-indicator combinations
have higher overall accuracy than one-indicator combinations.

Examining indicators’ off-track prediction rates, false alarm rates, and overall accuracy can
help districts make informed decisions about the indicators that are the best fit for the
goals of their early warning systems and the resources available to support dropout preven-
tion. Because districts operate within budget and human resource constraints, selecting
indicators that overpredict the number of students who will not graduate on time will
result in an inefficient use of resources. However, if an early warning system’s goal is to
catch as many atrisk students as possible, districts might want to avoid underprediction
and identify as many at-risk students as possible, even if it means including some students
who are not actually at risk. Using the indicators with the best overall accuracy will lead
to the most efficient use of resources, as those indicators achieve the best balance between
correct off-track predictions and false alarms. Choosing a system that balances these values
ultimately depends on the local context and the system’s intent.

Limitations of the study

The grade 8 and 9 indicators analyzed in this study were limited to those that were con-
sistently identified as predictive of failure to graduate on time in the research literature on
early warning systems and were based on data elements that a typical school district rou-
tinely collects and stores. Some school districts may collect and store other data elements
on grade 8 and 9 students that more accurately predict failure to graduate on time, and
these can be identified by following the analytic processes outlined in this report.

This study used only the four-year graduation rate as the outcome because it was of most
interest to the members of the Midwest Dropout Prevention Research Alliance and is the
accountability measure tracked by the state of Ohio. Some studies examine both four- and
five-year graduation rates. This analysis treated students who complete high school in five
years as students who did not graduate on time (that is, within four years).

The analysis was restricted to students who were first-time freshmen within the districts
in 2006/07 or 2007/08 and excluded students who entered the district after grade 9. Thus,
this study does not present a full portrait of the graduating classes of 2010 and 2011. Fur-
thermore, findings based on retrospective cohorts might not apply to current and future
cohorts.

Results from the three participating districts, which were not randomly selected, may not
generalize to other districts in Ohio or other states. Although the methods presented here
for validating local early warning indicators are applicable to other districts, the specific
findings on the candidate indicators may not apply to other districts.
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The findings apply most directly to the specific cohorts of students within these three
districts. Additional rounds of validation would be necessary to provide more confidence
in the ability of these indicators to predict failure to graduate on time for other cohorts.
Validating the indicators on a recent cohort would confirm that the indicators have out-of-
sample validity, meaning that their predictive value holds up when they are applied to data
from a cohort that was not included in the original research sample.

Another limitation is that the study team did not have data on student participation in
dropout prevention initiatives; therefore, it is possible that students who were effectively
served by these interventions were not flagged as off track to graduate on time by the early
warning indicators. It is also possible that some students who were flagged as off track
to graduate ended up graduating because they participated in a dropout intervention, in
which case the false alarm rates reported in this study would be higher than expected if
the interventions were not in place. Districts can compare the list of students identified
as off track with the list of students participating in dropout interventions to see whether
there are discrepancies.

The cutpoint method assumes that districts seek to achieve the best balance between
overpredicting and underpredicting failure to 